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DESCRIPTION 



METHOD FOR SUPPRESSING POWER FLUCTUATION AND POWER 



GENERATING FACILITY THEREFOR 



Technical Field 

The present invention relates to a method for 
generating electric power by using byproduct combustible 
gasses generated through various industrial activities 
(hereinafter, "byproduct gas") as the fuel for high- 
efficiency combined power generation within industrial 
plants and to a power generating facility incorporating the 
method. In particular, the present invention relates to a 
method for suppressing short-term power fluctuation and 
long-term power fluctuation that occur when the generated 
power is sent outside the plant for industrial and consumer 
use . 

Background Art 

Large-scale industries, such as iron making and 
petroleum refining, generate large amounts of combustible 
gasses as the byproduct. Conventionally, as shown in Fig. 1, 
in order to generate electricity from the byproduct gas 
produced in a plant such as a steelworks, the byproduct gas, 
such as a blast furnace gas (B) or a coke-oven gas (C) , has 
been introduced into a steam boiler (1) so that high- 
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pressure steam can be generated inside the steam boiler as a 
result of combustion of the gas, whereby the steam produced 
is then used to drive a turbine of a power generator (2) to 
generate electricity. In the diagram, reference numeral 4 
denotes a device for mixing fuel gasses, and reference 
character D denotes another byproduct gas. Both the 
generated electricity and electricity purchased from 
electric power companies are consumed in a steelworks (10) . 

According to this boiler power generation method, 
various types of fuel can be used by installing burners most 
suitable for the fuel type. Thus, in the event that the 
total calorie per unit of time (hereinafter , "total calorie") 
of the fuel necessary for producing steam is decreased, the 
shortfall can be easily compensated with an auxiliary fuel 
such as crude oil. According to this operation, fluctuation 
of fuel caused by the byproduct gas can be easily 
accommodated . 

On the other hand, the boiler power generation is 
disadvantageous in that the energy loss during combustion 
and generation of steam is large, the generation efficiency 
(electrical power generated/combustion energy of the 
supplied fuel) thereby being only about 40% at best. 

In order to increase the generation efficiency, high- 
efficiency combined power generation systems that can 
achieve a generation efficiency of at least 50% have 



recently been put to practice (refer to Japanese Unexamined 
Patent Application Publication Nos. 9-209711 and 2001- 
292531) . Examples of such methods include a gas-turbine 
steam combined system whereby the combustion energy is 
recovered through gas turbine power generation while steam 
generated using the sensible heat of the combustion exhaust 
gas is used to generate electricity with a steam turbine; 
and a fuel-cell steam combined system that employs fuel 
batteries . 

In steelworks and the like, the electric power 
generated by the conventional boiler method is substantially 
even with the power consumption in the plant. Electricity 
generated can be increased by approximately 20% without 
increasing the consumption of the fuel (the byproduct gas) 
presently used in boiler power generation, if a high- 
efficiency combined power generation system, such as a gas- 
turbine steam combined generator and/or a fuel-cell steam 
combined generator, can be implemented as the power 
generation system that uses byproduct gasses generated in 
the plant. The excess electricity generated as such may 
then be used in other industries or by consumers so that a 
substantially large energy saving effect can be achieved as 
a society. For example, an energy-saving effect of 1,000 
GWh per year will be achieved by implementing a gas-turbine 
steam combined power generation system in blast-furnace 



integrated steelworks whose scale of crude steel production 
is 8 , 000 , 000 t per year. Moreover, if such power generation 
is employed by all of the blast-furnace integrated 
steelworks in the country f an energy saving effect of 7 f 000 
GWh per year will be achieved. This figure is as large as 
0.7% of the total electricity expected to be generated 
nationwide in the year 2010. Furthermore, the byproduct gas 
generated in steelworks contains carbon monoxide, 
hydrocarbons, and hydrogen; thus, a fuel-cell steam combined 
power generator may also be employed. According to this 
technology, a high generation efficiency of approximately 
65% is achieved. Thus, significantly large effects will be 
achieved by applying this technology. 

However, there are problems indicated in paragraphs (1) 
and (2) below that must be overcome in applying high- 
efficiency combined power generation systems to steelworks 
and the like. 

(1) Byproduct gasses of steelworks for power generation 
are normally residual gasses that had once been used as the 
fuel of other plant facilities or that had once been sent 
outside the plant as the fuel gasses. Accordingly, the 
amount of the byproduct gas generated changes depending not 
only on operational changes in the source plant but also on 
changes in power consumption of the plant using the 
byproduct gas. As a consequence, the calorific value per 



unit amount of the byproduct gas used for power generation 
(hereinafter, "calorific value") and the total calorie per 
unit of time (hereinafter , "total calorie") largely fluctuate 
in short term in conjunction with these changes. Thus, the 
power generated naturally undergoes extensive short-term 
fluctuation. Here, the term "short-term power fluctuation" 
refers to a fluctuation whose margin is at least 5% of the 
electricity generated, in which a peak-to-peak fluctuation 
interval is less than 30 minutes. Changes in power 
generated by boiler power generation using byproduct gasses 
of steelworks are shown in Fig. 2. As shown in Fig. 2, the 
fluctuation of power generation is inevitable. Thus, the 
calorific value and the total calorie of the fuel used for 
power generation must be controlled within predetermined 
ranges. 

Fig. 3 shows the relationship between the operating 
load and the generation efficiency when a gas-turbine steam 
combined power generator is used as a high-efficiency 
combined power generation system. The graph shows that 
although the high-efficiency combined power generator 
achieves high generation efficiency under high operation 
load, the generation efficiency dramatically drops under low 
operating load. This is because the percentage of heat 
losses, such as heat dissipation, increases relative to the 
input heat as the operation load decreases. Accordingly, in 
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order to maintain high generation efficiency, maintaining 
high operating load is imperative. 

In the gas-turbine steam combined power generation 
method and the fuel-cell steam combined power generation 
method, the allowable range of calorific value fluctuation 
of the fuel gas is ±10% of the target value and is narrow. 
Moreover, switching from gas fuel to liquid fuel is 
difficult due to the structure of the system. Thus, the 
types of fuel usable in these methods are limited. 

For the purpose of this application, a generator which 
undergoes a decrease of 0.4% or more in generation 
efficiency with a 10% decrease in the operating load is 
defined as the "high-efficiency combined power generator" 
based on the aforementioned reasons. Examples of the high- 
efficiency combined power generator include a gas-turbine 
steam combined power generator, a fuel-cell steam combined 
power generator, and a gas-engine steam combined power 
generator, i.e., a small-scale high-efficiency combined 
power generation system. 

As is previously mentioned, highly efficient power 
generation can be maintained only when the calorific value 
and the total calorie of the fuel are supplied stably. Thus, 
suppression of fluctuation in the calorific value and the 
total calorie of the fuel for high-efficiency power 
generation is of the foremost importance. 
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(2) The short-term fluctuation of the power generated 
from the byproduct gas is inevitable as described above; 
however, excess power remaining after being used in other 
facilities of the plant is normally supplied to a site 
outside the plant. Thus, the excess power undergoes larger 
short-term fluctuation and is thus not suitable for 
retailing or wholesale. In order to effectively utilize the 
excess power, the load fluctuation must be suppressed. In 
particular, since excess power is supplied to a site outside 
the plant, the electric power demand of customers must also 
be considered from the standpoint of effective use of power. 
Therefore, a method that can also suppress long-term power 
fluctuation throughout nighttime and daytime is desired. 

For the purpose of this application, the term "long- 
term power fluctuation" refers to fluctuation whose margin 
is at least 5% of the electricity generated, in which a 
peak-to-peak fluctuation interval is at least 30 minutes. 
In particular, the term refers to differences in demand 
between nighttime and daytime or to daily differences in 
electrical power demand. Differences in power demand 
between nighttime and daytime occur due to living or 
productive activities of consumers in which more power is 
consumed during the daytime and less during the nighttime. 
Daily differences in electrical power demand occur between 
holidays and business days (the power consumption decreasing 
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on holidays since productive activities stop on holidays) 
and between hotter days and colder days (operation load 
fluctuating due to use of air conditioners and the like) . 
Differences are also generated as daily amounts of 
production are changed. 

A method for accommodating the power fluctuation 
between nighttime and daytime (i.e. f storing excess power 
during the night and discharging the stored power during the 
day) has been proposed to balance demand and supply, i.e., 
electricity consumed and electricity generated. According 
to this method, the fluctuation is accommodated by adjusting 
the load of the power generator and by employing secondary 
batteries. However, in employing the high-efficiency 
combined power generation system using the byproduct gas of 
the plant, the fluctuation of the byproduct gas caused 
inside the plant and the like must also be taken into 
consideration. Furthermore, in order to maintain high power 
generation efficiency, high load must constantly be placed 
on the generator, as described above; accordingly, actual 
operation will heavily rely on secondary batteries. However, 
in order to completely accommodate the power fluctuation 
between nighttime and daytime using secondary batteries, 
secondary batteries with enormously large capacities are 
required. Use of such secondary batteries is not 
practicable in view of installation space and cost. For 
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example, as shown in Fig. 4, when there is a difference of 
100 MW between the nighttime demand and the daytime demand, 
a 100 MW (based on 8-hour discharge) secondary battery will 
be necessary to accommodate the fluctuation. Such a large- 
capacity secondary battery is huge and is not practicable. 

Accordingly, the present invention is directed to a 
proposal for a method for stably supplying electric power to 
a site outside the plant by suppressing the short-term power 
fluctuation that occurs inside the plant when high- 
efficiency combined power generation is performed using 
byproduct gas of the plant. Moreover, the present invention 
also proposes a method for suppressing long-term power 
fluctuation so as to make the power supply pattern of the 
electric power sent outside the plant coincident with that 
of a site outside the plant. 

Disclosure of Invention 

In particular, the present invention provides a method 
for suppressing power fluctuation of a high-efficiency 
combined power generation system that uses a byproduct gas 
generated in a plant. The method includes the steps of 
adding a high-calorific-value substance having a calorific 
value higher than that of the byproduct gas so as to 
increase both the total calorie per unit of time and the 
calorific value per unit gas quantity up to predetermined 



targets; and adding a low-calorific-value substance having a 
calorific value lower than that of the byproduct gas so as 
to control the caloric value and/or the composition of the 
power generation fuel, whereby the total calorie and the 
calorific value are controlled within predetermined ranges. 
Preferably , in the method for suppressing power fluctuation, 
the high-calorific-value substance is at least one selected 
from the group consisting of a natural gas , a coke oven gas r 
and an off-gas from petroleum refinery processes. More 
preferably, the low-calorific-value substance is at least 
one selected from the group consisting of a low-calorific 
value byproduct gas having a calorific value lower than that 
of the byproduct gas, a gas that, when mixed with the 
byproduct gas , gives an oxygen concentration of a mixed gas 
lower than the inflammable limit, a combustion exhaust gas, 
and an excess nitrogen gas in the plant. 

The present invention also provides another method for 
suppressing power fluctuation of a high-efficiency combined 
power generation system that uses a byproduct gas generated 
in a plant. The method includes a step of alternately 
switching charge/discharge modes of at least two storage 
apparatuses to suppress the power fluctuation. Preferably, 
in this method, a high-calorific-value substance having a 
calorific value higher than that of the byproduct gas is 
added to increase the power when the power supplied to a 
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site outside the plant is deficient so that the power supply 
becomes coincident with a demand pattern. Here, the high- 
calorific-value substance is preferably at least one 
selected from the group consisting of a natural gas, a coke 
oven gas, and an off-gas from petroleum refinery processes. 

In each of the above-described methods for suppressing 
power fluctuation, when the power supplied to a site outside 
the plant is excessive, the excess power is preferably 
converted into storable energy and stored so that the power 
supply becomes coincident with a demand pattern. In order 
to store the excess energy by conversion, the excess power 
is preferably used to electrolyze water and stored in the 
form of oxygen and hydrogen. More preferably, the hydrogen 
gas obtained as such is further converted into at least one 
selected from the group consisting of methanol and dimethyl 
ether. The methanol and dimethyl ether produced may be used 
as the high-calorific-value substance. 

In this invention, the byproduct gas used in each 
method is preferably at least one selected from the group 
consisting of a blast-furnace gas, a basic oxygen converter 
gas, and a coke oven gas. Moreover, in each method 
described above, the high-efficiency combined power 
generation facility is at least one selected from the group 
consisting of a gas-turbine steam combined power generator 
and a fuel-battery steam combined power generator. 
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Furthermore, in each method described above, the deficiency 
of power that occurs during the time required for a standby 
generator to start operation upon shutdown of the high- 
efficiency combined power generation system or during the 
time required for the shutdown high-efficiency combined 
power generation system to restart is preferably backed up 
by the storage apparatus previously charged. 

The present invention further provides a power 
generation facility having a high-efficiency combined power 
generation system that uses a byproduct gas generated in a 
plant as the fuel; and an apparatus for adjusting the total 
calorie and the calorific value of the power generation fuel 
within predetermine ranges, in which a high-calorific-value 
substance having a calorific value higher than that of the 
byproduct gas is used to increase both the total calorie per 
unit of time and the calorific value per unit gas quantity 
up to predetermined targets and in which a low-calorific- 
value substance having a calorific value lower than that of 
the byproduct gas is used to control the caloric value 
and/or the composition of the power generation fuel. This 
power generation facility preferably includes at least two 
storage apparatuses connected to the facility, wherein the 
charge mode and the discharge mode of the at least two 
storage apparatuses are switched alternately. 

Preferably, each of the power generation facility 



- 13 - 

described above further includes a system for electrolyzing 
water connected to the facility. 

In the power generation facility described above, the 
high-efficiency combined power generation system is 
preferably at least one selected from the group consisting 
of a gas-turbine steam combined power generator and a fuel- 
battery steam combined power generator. 

Brief Description of the Drawings 

Fig. 1 shows a conventional power generation system. 

Fig. 2 shows changes in excess power according to the 
conventional power generation system. 

Fig. 3 shows the relationship between the operating 
load and the generation efficiency of a gas-turbine steam 
combined power generator. 

Fig^4^shows the performance of normal secondary 
batteries. 

Fig. 5 shows the process of suppressing fluctuation of 
supplied power according to the present invention. 

Fig. 6 is a diagram for explaining how excess power is 
accommodated by secondary batteries . 

Fig. 7 shows the shortage of power that occurs when a 
standby generator is used as the backup. 

Fig. 8 is a diagram for explaining how secondary 
batteries are used. 



Fig._9_-.is a diagram for explaining how secondary 
batteries are used. 

Fig. 10 is a diagram for explaining how secondary 
batteries are used. 

Fig. 11 shows a system configuration when the present 
invention is applied to a steelworks. 

Fig. 12 shows another system configuration when the 
present invention is applied to a steelworks. 

Best Mode for Carrying Out the Invention 

A method according to an embodiment of the present 
invention will now be described in detail with reference to 
Fig. 5. 

In Fig. 5, changes in excess power in power generation 
using byproduct gasses are indicated by a double-dotted 
chain line (d) . The excess power is the power generated 
minus the power demand in the plant. The fluctuation (the 
amplitude of the double-dotted chain line) is inevitable 
since it is caused by changes in the amount of the byproduct 
gas generated and changes in the electrical power demand 
inside the plant. This fluctuation is approximately ±100 to 
±150 MW/min in, for example, a steelworks. Suppression of 
this fluctuation is vital for adequately supplying power to 
a site outside the plant. 

In this invention, the byproduct gas generated in the 
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plant is used as the fuel of the high-efficiency combined 
power generating system, and the generated fluctuating power 
is controlled using two storage devices by alternately 
switching between the charge mode and the discharge mode. 
Preferable examples of the storage devices include secondary 
batteries and capacitors. Moreover, the invention also 
provides a method for suppressing power fluctuation by 
converting excess power that exceeds the capacity of the 
storages into storable energy through electrolysis of water 
or the like. 

In the methods of the invention described below, the 
byproduct gas used is preferably at least one selected from 
the group consisting of a blast furnace gas, a basic oxygen 
converter gas, and a coke oven gas. Moreover, the high- 
efficiency combined power generating system is preferably at 
least one selected from the group consisting of a gas- 
turbine steam combined power generator and a fuel-cell steam 
combined power generator. 

The basic example of suppressing the short-term 
fluctuation is shown in Fig. 6(a). In particular, at least 
two secondary batteries as the storage devices, i.e., a 
secondary battery L for charging and a secondary battery M 
for discharging, are prepared. The fluctuation (1) at the 
positive side shown in Fig. 6(b) is accommodated in the 
secondary battery (L) for charging, and the fluctuation (m) 
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at the negative side is compensated by the power supplied 
from the (previously charged) secondary battery (M) for 
discharging. In this manner, the short-term fluctuation is 
suppressed. As a result, a power supply pattern (D) with 
smoothed short-term fluctuation indicated by a chain line in 
Fig. 5 is obtained. The power supply pattern (D) is 
hereinafter referred to as the smooth power supply pattern" . 

From the standpoint of the load-following capabilities 
of the high-efficiency power generator and of a water 
electrolysis device for converting electricity into storable 
energy, the smooth power supply pattern is preferably such 
that these devices can be driven according to the demand- 
and-supply pattern. The optimum pattern differs depending 
on the device used. 

Here, two methods for switching between the two 
storages are conceivable: a method for switching at regular 
intervals and a method for switching based on the charge 
state and the discharge state of the storages. 

In particular, if the amplitude or the cycle of 
fluctuation is known in advance, the power for charging can 
be smoothly balanced with the power for discharging by 
controlling the power generation load through targeting the 
median of the fluctuation. However, in reality, fluctuation 
is often unpredictable, and discharging cannot be balanced 
with charging by this method in most cases. Thus, according 
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to the method of switching at regular intervals, discharging 
may end before the required time; moreover, the switching 
intervals must be set short so as not to exceed the charging 
capacity, resulting in shortened lifetime of the storages. 
Therefore, this method is not preferred. When secondary 
batteries are used as the storages, it is preferable to 
perform switching according to one of the following: 

(i) At the time the charging status of a battery 
reaches 100% or a predetermined upper limit, the status of 
the battery is switched from the charging mode to the 
discharging mode or standby mode. At the same time, if 
there is a second battery already charged and in standby 
mode, the mode of the second battery is switched to 
discharging mode, as required; and 

(ii) At the time the charging status of a battery 
reaches 0% or a predetermined lower limit as a result of 
discharging, the status of the battery is switched from the 
discharging mode to the charging mode. At the same time, if 
there is a second battery already charged and in standby 
mode, the mode of the second battery is switched to the 
discharging mode. 

Note that the latter method includes a method based on 
switching at regular intervals with interruptions of 
switching according to (i) and (ii) above. 

Next, as shown in Fig. 5, the obtained smooth supply 
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power pattern (D) does not coincide with the external power 
demand pattern (P) . Since the pattern does not meet the 
power demand for sale r this pattern is not preferable. In 
other words, it is essential that the supply power pattern 
correspond to the power demand pattern of outside sites. 
The daytime power consumption is naturally higher than the 
nighttime power consumption. Moreover, the power 
consumption varies with regions, seasons, and the like. 
Thus, it is preferable to supply power to an outside site 
according to the outside power demand pattern while 
comprehensively considering these factors. As a result, 
purchase of electricity from electrical power companies and 
other customers will be stimulated. 

As is illustrated in Fig. 5 by the solid line 
indicating the outside power demand pattern (P) and the 
broken line indicating the smooth power supply pattern (D) , 
excess and deficiency of the supplied power occur due to the 
difference between nighttime and daytime. Based on these 
patterns, it is possible to increase the power supply by 
increasing the amount of the fuel gas according to the 
shaded region (S) indicating the power in shortage during 
the daytime so that the power supply pattern can coincide 
with the daytime power demand pattern (P) . On the other 
hand, when the nighttime power supply is excessive, the 
excess power may be converted into storable energy according 
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to the horizontally striped region (Y) indicating the excess 
power during the nighttime so that the power supply pattern 
coincides with the nighttime power demand pattern (P) . As a 
result, fluctuation of power supply pattern relative to the 
outside power demand pattern can be suppressed. 

The method for suppressing power fluctuation of the 
present invention requires conversion of the excess energy 
into storable energy when the power supply to an outside 
site is excessive in order to meet with the demand pattern. 
In order to convert the excess energy, which is produced 
when the power fluctuation exceeds the capacity of the 
storage, into storable energy, it is preferable to store the 
energy in the form of hydrogen and oxygen through 
electrolysis of water. 

According to the electrolysis of water, even the low- 
value power can be effectively converted into hydrogen gas 
and oxygen gas. Hydrogen gas and oxygen gas, which are 
storable energy, are highly valuable gas for industrial use. 
For example, these gases have been produced using other 
means and used in steelworks. By using this converting 
method, excess power, which is produced as a result of 
fluctuation and has a low value, can be effectively used. 
In particular, hydrogen gas is expected to be applied as the 
clean fuel for automobiles; therefore, it is preferable to 
combine the use of the storages described above with the 
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hydrogen generation by electrolysis of water in designing 
the method for suppressing the power fluctuation. Note that 
an electrolysis of water using a solid polymer electrolyte 
is preferably employed as a highly efficient method. 

The hydrogen gas obtained through the electrolysis of 
water may be converted into at least one of methanol and 
dimethyl ether and stored. 

According to the method combining storage apparatuses 
and the electrolysis of water, the fluctuation in power to 
be supplied to the water electrolysis method can be 
smoothened. This effect can be achieved even when short- 
term fluctuation of the excess power is large by employing 
at least two small-capacity storage apparatuses. For 
example, as shown in Fig. 6 in which a fluctuation of 0 to 
100 MW occurs at 2-second cycle, two secondary batteries 
each having a capacity of 5 MW-8 h are employed. 2.5 MW-8 h 
of the capacity of each secondary battery is used to 
accommodate the short-term fluctuation, and the remaining 
2.5 MW-8 h of the capacity is used as the switchable storage 
apparatus. By alternately switching between the discharge 
mode and the charge mode of these batteries every four 
minutes, power with 0 to 100 MW short-term fluctuation can 
be leveled to 50 MW, and the leveled power can be stably 
supplied to a water electrolysis apparatus. 

The optimum capacity of each apparatus should be 
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determined from the past data regarding the degree of short- 
term fluctuation, the degree of long-term fluctuation,, and 
the fluctuating excess power (particularly that generated 
during the nighttime) based on the economical efficiency at 
the time of the investment. 

In case the power generator stops in the midst of the 
operation , a standby power generator may take over the 
operation. Back-up from the storage apparatus becomes 
necessary in order to compensate for the shortage of power 
supply that occurs during the time required for the standby 
power generator to start operation. In particular , as shown 
by the shaded region of Fig. 7 , when the main generator 
stops operation, shortage of power occurs during the time 
required for the standby generator to start steady operation. 
However, the deficiency can be compensated by the power 
supplied from the storage, thereby simultaneously achieving 
suppression of short-term fluctuation of the electricity 
generated. 

The optimum storage capacity that can satisfy two 
conditions, namely, to suppress short-term fluctuation and 
to compensate the power deficiency, can be determined as 
follows. For example, suppose that the margin of the short- 
term fluctuation is 300 MW at an 8.36 min peak-to-peak 
interval, that the power reached 0 MW one minute after a 215 
MW main power generator stopped operation, and that the load 
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of the standby power generator for backup is to be increased 
from 85 MW to 200 MW in 20 minutes. Also, suppose that the 
secondary batteries with 80% charge/discharge efficiency and 
20% allowance are used as the storage devices. 
[Capacitance of the secondary batteries required to suppress 
short-term fluctuation] 

• power discharged from the battery: 20.9 MWh 

• power for charging the battery: 26.1 MW/h (=20.9/0.8) 

• battery rated output (8 hour discharge basis): 20.9 MWh/8 
= 2.6 MW- 8 h 

• battery capacity (since switching between the charge mode 
and the discharge mode is necessary): 2.6 MW • 8 h per 
battery x 2 = 5.2 MW-8 h. 

[During backing-up of the main power generator] 

• power discharged from the battery: : (215 - 85) MW x 
(20/60) h/0.8 = 54.2 MWh 

-power for charging the battery: 54.2 MWh/0.8 =67.7 MWh 

• battery rated output (8 hour discharge basis): 54.2 MWh/8 
= 6 . 8 MW- 8 h 

- battery capacity: 6.8 MW-8 h 

The total capacity of the batteries must be 12 MW-8 h 
(8 hour discharge basis), i.e., 5.2 MW-8 h (=2.6 MW-8 h per 
battery x 2) to accommodate the short-term fluctuation and 
6.8 MW-8 h to backup the main power generator. However, in 
this case, 6.8 MW-8 h of the 12 MW-8 h capacity must always 
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be in the charged state. 

The number of the secondary batteries and the capacity 
of each battery are determined according to the type. There 
are typically three types, as shown in Figs. 8 to 10. 

Type 1 shown in Fig. 8 has two secondary batteries as 
the storage devices, and each secondary battery has the 
function of accommodating the short-term fluctuation and the 
backup function. The charge/discharge cycle is shown in Fig. 
8(b) . 

In Type 2 shown in Fig. 9, the short-term fluctuation 
accommodation function is separated from the backup function. 
The charge/discharge cycle is shown in Fig. 9(b). 

In Type 3 shown in Fig. 10 f the number of times of 
switching is the smallest. The charge/discharge cycle is 
shown in Fig. 10(b). 

The lifetime of the secondary batteries depends on the 
number of times the charge-discharge switching is performed. 
Since the number of switching times of Type 3 is one half 
that of Types 1 and 2, Type 3 is most effective in extending 
the lifetime of the batteries. 

The number of the batteries and the capacity are 
preferably determined as follows: 

(1) required number n of second batteries = the total 
battery capacity required/the capacity required to 
accommodate the short-term fluctuation; 
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(2) the number of the batteries (units) is determined by 
truncating the fractions below decimal point of the number 
n; and 

(3) battery capacitance = the total battery capacity 
required/the number of the batteries (units) obtained in (2) . 

Furthermore,, the timing for switching and the method 
for changing load of the power generator according to the 
total charge of the secondary batteries are two important 
factors in operating secondary batteries . The timing for 
switching has already been described in the previous 
sections. The remaining factor, i.e., change in load upon 
the generator in connection with the switching will be 
explained below. 

(i) The load of the power generator is decreased when 
the total charge relative to the total battery capacity 
reaches 100% or a predetermined upper limit; and 

(ii) The load of the power generator is increased when 
the total charge relative to the total battery capacity 
reaches a predetermined lower limit. 

In actual operation, limit values, which divide the 
ranges of (i) and (ii) into several levels, are set so that 
the load upon the power generator changes gradually. Note 
that in this example, the generator's load accommodated by 
the secondary batteries corresponds to the capacity of one 
battery required for accommodating the short-term 
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fluctuation (i.e., one half the total capacity of the 
battery required for accommodating the short-term 
fluctuation). The amount of the generator's load 
accommodated by the secondary battery is thus 2.6 MW x 8 
h/0.5 h = 41.6 MW over 30 minutes, which is 20% of the 
margin of the load fluctuation of a 200 MW power generator. 

When the main power generator stops operation, all 
batteries are switched to the discharge mode to compensate 
for the power deficiency until the load of the backup power 
generator is elevated. 

This invention also provides a method for suppressing 
power fluctuation of a high-efficiency combined power 
generation system that uses byproduct gasses generated in a 
plant. In this method, a high-calorific-value substance 
having a calorific value higher than that of the byproduct 
gas is added to increase both the total calorie per unit of 
time and the calorific value per unit gas quantity up to 
predetermined target values, and a low-calorific-value 
substance having a calorific value lower than that of the 
byproduct gas is added to control the calorific value and/or 
the composition of the power generation fuel. In this 
manner, the total calorie and the calorific value are 
controlled within predetermined ranges. 

In this invention, substantially all of the plant 
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byproduct gasses whose amount generated and calorific value 
significantly fluctuate can be used as the fuel for high- 
efficiency combined power generation. Examples of the high- 
efficiency combined power generation include gas-turbine 
steam combined power generation, which can achieve high 
efficiency but with a large limitation on the fuel for power 
generator , and fuel-cell steam combined power generation 
recently proposed. Here, it is essential that the calorific 
value and the total calorie of the fuel gas be controlled to 
predetermined targets. In order to do so, when, for example, 
gas-turbine steam combined power generation using the 
byproduct gas as the fuel is employed, the fluctuation of 
fuel total calorie resulting from the fluctuation of the 
amount of the byproduct gas generated must be controlled. 
When the fuel-battery steam combined power generation is 
employed, the fluctuation of the composition of the fuel gas 
must be controlled. 

Note that when the plant has no facility that consumes 
power or when the plant has a facility whose power 
consumption is free of short-term fluctuation, the object of 
the present invention is in some cases achieved by simply 
suppressing the short-term fluctuation resulting from the 
fluctuation in the amount of the byproduct gas generated. 

First, in order to suppress the fluctuation in the 
calorific value and the total calorie of the fuel, the 
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measures should be taken according to Table 1. Here, a 
substance with a higher calorific value and a substance with 
a low calorific value in comparison with the base byproduct 
gas are used to control the calorific value (to satisfy the 
limitation conditions of the power generator operation) and 
the total calorie (to maintain the operation load of the 
power generator) within target ranges. Thus, the power 
fluctuation resulting from these factors can be suppressed 
within predetermined ranges. 

The substance with a high calorific value is preferably 
at least one gas selected from the group consisting of a 
natural gas, a coke oven gas, and an off-gas from petroleum 
refinery processes. More preferably, such a heating gas is 
liquefied natural gas (LNG) , a coke oven gas, or the like. 
On the other hand, the substance with a low calorific value 
is preferably at least one gas selected from the group 
consisting of a byproduct gas having a lower calorific value 
than the base byproduct gas, a gas such as that makes the 
oxygen concentration of a mixed gas lower than the 
inflammable limit when mixed with the base byproduct gas , a 
combustion exhaust gas, and an excess nitrogen gas in the 
plant . 

For example, the increase in calorie is controlled by 
selecting the capacity of the power generator so as to avoid 
Qo > Qaimr wherein 
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Qinc ~ H inc x V inc 
Q 0 = H 0 X V Q 

Qdec = H dec x V dec 

H dec < H 0 < H inc 

Qaim = Qinc + Q 0 + Qdec 

Hxnin ^ H aim = (Q inc + Q 0 + Q dec ) /(Vmc + V 0 + V dec ) < ; 
and, if Q dec = 0, (i.e., when an inert gas such as N 2 and a 
combustion exhaust gas is used) , 

Qinc = V inc x H inc = Qaim " Qo 
Vine = (Qaim " Qq> / H inc 

Vdec = KQinc + Q 0 ) " H aim x (V inc + V 0 ) ] /H aim 

wherein, Q inc represents the total calorie of the heating gas 
(MJ/h) , Q D represents the total calorie of the supplied gas 
before adjustment (MJ/h) f Q dec represents the total calorie 
of the cooling gas (MJ/h) , Q aim represents the target total 
calorie after adjustment (MJ/h) , H inc represents the 
calorific value of the heating gas (MJ/Nm 3 ) , H Q represents 
the calorific value of the supplied gas before the 
adjustment (MJ/Nm 3 ) , H dec represents the calorific value of 
the cooling gas (MJ/Nm 3 ) , H aim represents the target 
calorific value after the adjustment (MJ/Nm 3 ) , 
represents the lower limit of the calorific value after the 
adjustment (MJ/Nm 3 ), H max represents the upper limit of the 
calorific value after the adjustment (MJ/Nm 3 ) , V inc 
represents the flow of the heating gas (NM 3 /h) , V Q represents 
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the flow of the supplied gas before the adjustment (MJ/NM 3 ) , 
and V dec represents the flow of the cooling gas (NM 3 /h) . In 
case Q Q becomes larger than Q aim as a result of short-term 
fluctuation, a gas holder or the like is used to accommodate 
the fluctuation . 

Note that when the plant produces a plurality of 
byproduct gasses having different calorific values (e.g. , a 
blast-furnace gas and a coke oven gas in steelworks) , the 
quantitative balance of the fuel gas may be adjusted (for 
example , by using a large amount of high-calorific-value 
gasses in the facility that can use such gasses) to produce 
a low-calorific-value gas for use as the cooling gas. 

Moreover, the invention method described above is 
preferably combined with the method for suppressing long- 
term power fluctuation whereby at least two storage devices 
are alternately switched between the charge mode and the 
discharge mode, as described above. At least one selected 
from the group consisting of methanol and dimethyl ether, 
which are produced by converting the hydrogen gas obtained 
from the electrolysis, may be used as the high-calorific- 
value substance in the above-described methods for 
suppressing the power fluctuation. 

Moreover, the present invention provides a power 
generation facility including a high-efficiency combined 
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power generation system that uses a byproduct gas produced 
in a plant as the fuel and an apparatus for adjusting the 
total calorie or the calorific value. In this apparatus, a 
substance having a calorific value higher than the byproduct 
gas is added to increase the total calorie per unit of time 
and the calorific value per unit gas quantity of the power 
generating fuel up to predetermined target values , and a 
substance having a calorific value lower than the byproduct 
gas is added to control the calorific value and/or the 
composition of the power generation fuel, thereby 
controlling the total calorie and the calorific value within 
the predetermined ranges before providing the power 
generation fuel to the power generation system. 

Preferably, the power generating facility further 
includes at least two storage apparatuses connected to the 
facility so that the charge mode and the discharge mode of 
the storage apparatuses can be alternately switched. 
Moreover, each of the above-described power generation 
facilities preferably includes a system for electrolyzing 
water. Furthermore, each of the above-described power 
generation facilities is preferably at least one selected 
from the group consisting of a gas-turbine steam combined 
power generator and the a fuel-battery steam combined power 
generator . 

The facility of the present invention will now be 
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described specifically using EXAMPLE below. 
EXAMPLE 

Fig. 11 illustrates an example of applying the present 
invention to steelworks. In particular f in the example 
shown in Fig. 11, a gas-turbine steam combined power 
generation system (I) including a steam boiler (1) and a gas 
turbine (3) each driving a power generator (2) was used to 
perform combined power generation. Two 220 MW power 
generators were installed. The calorific value and the 
total calorie of the base fuel gas (byproduct gas) used in 
power generation were 3,9 80 kJ/Nm 3 and 2,760 GJ/h, 
respectively. Reference numeral 5 in the drawing denotes a 
flue. 

A system (II) for accommodating fluctuation of the fuel 
gas was constituted from two fuel gas mixers (4) and a LNG 
holder. Reference character C denotes a coke oven gas, B 
denotes a blast furnace gas, D denotes another byproduct gas, 
and F denotes exhaust nitrogen gas (or a combustion exhaust 
gas) from an oxygen plant. The fluctuation of the fuel was 
accommodated using a liquefied natural gas (LNG) as the 
heating fuel gas and an exhaust nitrogen gas from the oxygen 
plant as the cooling gas. The capacity of each of three LNG 
holders (15) was 40,0 00 Nm 3 , and the maximum amount of the 
nitrogen gas used was 50 , 000 Nm 3 /h. 
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A power fluctuation suppression system (IV) of a type 
shown in Fig. 8 that includes two secondary batteries (II) 
was used. The capacity of each secondary battery was 5 MW-8 
h, and the total capacity of a water electrolysis apparatus 
(12) was 50 MW (hydrogen generation capability: 11,000 
Nm 3 /h; oxygen generation capability 5,500 Nm 3 /h) . An oxygen 
gas holder (13) and a hydrogen gas holder (14) were also 
installed. Reference numeral 10 denotes a steelworks, and 
21 denotes outside supply. 

The excess power fluctuation, which had been 
significantly large as shown in Fig. 2, was suppressed by 
applying the method of the present invention, and a daytime 
power of 160 MW and a nighttime power of 60 MW were stably 
supplied. • The amount of the LNG used for suppressing the 
fluctuation of the total calorie and the calorific value of 
the fuel was 160 GJ/h, i.e., approximately 5.8% of the total 
calorie of the byproduct gas supplied as the fuel of the 
generator. Since the heating fuel effectively contributed 
to the power generation, the power generation efficiency as 
a whole increased from the conventional 38.7% to 46%, i.e., 
approximately 20% of energy conservation was achieved. 

Note that the fluctuation suppression could not 
completely accommodate the fuel total calorie, and an 
average of 32.9 MW of excess electric power (reverse 
electric power) was generated. The excess power was 
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recovered as hydrogen gas and oxygen gas through the 
electrolysis; 8,000 Nm 3 /h of hydrogen gas and 4,000 Nm 3 /h of 
oxygen gas were obtained as a result. 

The cost of the hydrogen gas generated as such was 15 
to 30% less than that of hydrogen gas produced by naphtha 
reforming. Moreover, the hydrogen gas had a high purity and 
could be used as the environmentally clean energy. For 
example, the hydrogen gas obtained as such can be directly 
used as the fuel for future hydrogen gas automobiles and as 
the ingredient of methanol and dimethyl ether. Moreover, 
the oxygen can be directly used for steel making. 

Note that when a fuel-battery steam combined power 
generator is used instead of the gas-turbine steam combined 
power generator shown in Fig. 11, the power generation 
system (I) is replaced with the fuel-battery steam combined 
power generator (III), as shown in Fig. 12. 

In particular, a byproduct gas (E) is supplied to the 
fuel battery (6) after desulf urization (not shown) if 
necessar y and is reformed into hydrogen and carbon monoxide 
by a fuel reforming mechanism (not shown) disposed inside 
the fuel battery. At the same time, these reformed gasses 
react with oxygen in the air supplied to the fuel battery to 
generate electricity and hot exhaust gas. In the drawing, 
an air compressor (7) compresses the air to be supplied to 
the fuel battery. By compressing air before the air is fed 
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to the fuel battery, the reaction efficiency of the fuel 
battery is improved, and, at the same time, hot high- 
pressure exhaust gas (8) can be used to generate electric 
power using a gas turbine. The waste heat of the gas 
turbine exhaust recovered by a steam boiler can be used to 
generate more electric power using the power generator. 
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Table 1 
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Addition of high 
calorific value gas or 
fuel 


Addition of high 
calorific value gas + 
excess power 
generation 


Addition of high 
calorific value gas + 
excess power 
generation 
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Addition of high 
calorific value gas or 
fuel 
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generation 
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High 


Addition of high 
calorific value gas or 
fuel + (low calorific 
value gas) 


Addition of low calorific 
value gas 


Addition of low calorific 
value gas + excess 
power generation 
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Industrial Applicability 

The present invention can suppress short-term power 
fluctuation, which is caused by changes in plant operation 
and which poses a problem in performing high-efficiency 
combined power generation using byproduct gasses of the 
plant. Moreover, since the present invention can suppress 
long-term power fluctuation as well, the excess electric 
power with suppressed fluctuation can have a power supply 
pattern sent outside the plant coincident with the power 
demand pattern, thereby supplying stable power. Since the 
present invention can be applied to large-scale industries 
such as steelmaking and petroleum refining, a significantly 
large energy conservation effect can be achieved. 



